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SPECIFICATION 
DIRECTIONAL ANTENNA DEVICE 
TECHNICAL FIELD 

[0001] The present invention relates to an antenna device-having 

directivity, which is used in mobile communication , and more 
particularly to a technology of reducing a noise or the influence 
of an intense electric field at a near frequency for transmission 
and reception of a radio wave in a microwave band. 
RELATED ART 

[0002] m recent years, rapid development has been made on 

mobile communication, in which either one or both of transmission 
and reception perform communication while moving. The mobile 
communication is a communication system operating with a small 
electric power (at a radio wave in a microwave band) , which satisfies 
the conditions allowing as a radio station that does not need a 
license as provided in the Radio Law, Article 4. For example, a 
radio wave in the microwave band, which is transmitted from a 
communication device (a communication unit) provided in a movable 
mobile body (a mobile station) , is normally received or transferred 
by an antenna unit (for example, a flat antenna) having directivity 
because the antenna unit receives a radio wave of a small electric 
power . The antenna device having directivity is provided on a fixed 
body (a base station) fixed at a predetermined position. 
[0003] The antenna unit having directivity transmits and 



receives a radio wave in a good manner in one direction but in a 
poor manner in the other direction. Therefore, from the site of 
the fixed body side for receiving, the radio wave is not always 
transmitted and received in a favorable direction in the mobile 
communication . Therefore , as a radio wave transmitted in a direction 
in which transmission and reception are poor, only a weak radio 
wave can be transmitted and received, and there has been problem 
that, when an interfering wave (a noise) at a near frequency is 
present, stable transmission and reception are difficult in an 
intense electric field range. 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] An object of the present invention is to provide a 

directional antenna capable of performing stable transmission and 
reception in mobile communication without being affected by a 
relative positional relation between a mobile body and a fixed body. 

[0005] The present invention relates to a directional antenna 

device and has the following structure to solve the above-described 
technical problem . 

[0006] A directional antenna device according to the present 

invention which includes an antenna unit having directivity provided 
in a fixed body fixed at a predetermined position, the antenna unit 
receiving a radio wave in a microwave band transmitted from a 
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communication unit provided on a movable mobile body, 

is characterized in that the antenna unit includes: 

a plurality of directional antennas provided to have 

directivities in different directions; and 

a reception selecting unit for selecting one of the plurality 

of directional antennas, which is provided to be oriented in a 

transmission direction in which the radio wave travels to reach 

the fixed body, to receive the radio wave. 

[0007] According to the present invention, the plurality of 

directional antennas are provided to have directivities in different 
directions . Since one of the directional antennas , which is provided 
to be oriented in the transmission direction, in which a radio wave 
travels to reach the fixed body, is selected to receive the radio 
wave, thereby stable transmission and reception are made possible 
regardless of the relative positional relation between the mobile 
body and the fixed body. 

[0008] Further, according to the present invention, the 

directional antenna device is characterized in that: 

each of the directional antennas has a directional 
characteristic corresponding to a predetermined area; and 

the reception selecting unit selects one of the directional 
antennas, which has received the most intense radio wave within 
the directional characteristic area. 

[0009] According to the present invention, in edition to the 



above-described operation and effects , the reception selecting unit 
switches to the directional antenna that receives the most intense 
radio wave in the directional characteristic area. Therefore, one 
antenna that always receives the most intense radio wave even at 
the boundary of intensities of the radio waves is selected. 
[0010] Further, according to the present invention, the 

directional antenna device is characterized in that the antenna 
unit includes the plurality of directional antennas radially 
arranged so that their tips are oriented outward, and when it is 
assumed that an intersection of axes of the plurality of directional 
antennas is a base point, the directional antennas are provided 
in different three-dimensional directions at predetermined angular 
intervals when viewed from the base point. 

[0011] According to the present invention, the directional 

antennas are provided in different three-dimensional directions 
at predetermined angular intervals. With such a structure, since 
the directional antennas are provided at predetermined angular 
intervals, the directional antennas can communicate with each other 
in the same space without radio interference. For transmission and 
reception between the antennas, the best antennas can be selected. 
[0012] Further, according to the present invention, the 

directional antenna device having such a structure that the 
predetermined angle is 45° on an air-to-ground horizontal surface 
or that the predetermined angle is 45° on an air-to-ground vertical 
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surface can be exemplified. In addition, the directional antenna 
device having such a structure that the predetermined angle is 45° 
on the air-to-ground horizontal surface and the air-to-ground 
vertical surface can be exemplified. 

[0013] According to the directional antenna device of the 

present invention, the directional antenna device capable of 
performing stable transmission and reception in mobile communication 
without being affected by the relative positional relation between 
the mobile body and the fixed body can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] [Fig. 1] A schematic diagram of a directional antenna 

device according to an embodiment of the present invention. 

[Fig. 2] A block diagram of the directional antenna device 
according to the embodiment of the present invention. 

[Fig . 3] An external perspective view of a directional antenna 
device according to Embodiment 1 . 

[Fig. 4] Apian view of the directional antenna device according 
to Embodiment 1 . 

[Fig. 5] An external perspective view of a directional antenna 
device according to Embodiment 2. 

[Fig. 6] Apian view of the directional antenna device according 
to Embodiment 2 . 

[Fig. 7] An external perspective view of a directional antenna 
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device according to Embodiment 3 . 

[Fig. 8] Apian view of the directional antenna device according 
to Embodiment 3 . 

[Fig. 9] A side view of a directional antenna device according 
to Embodiment 4 . 

[Fig. 10] An external perspective view of a directional antenna 
device according to Embodiment 5 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0015] Hereinafter, the most preferred embodiments of the 

present invention will be described with reference to the drawings. 

A directional antenna device according to this embodiment is 
provided on , as shown in Fig . 1 , a fixed body 3 fixed at a predetermined 
position . The directional antenna device includes a polyhedron case 
40 formed by a top surface 41, an air-to-ground upper slope 42, 
an air-to-ground flat surface 43, an air-to-ground lower slope 44, 
and a bottom surface 45, and an antenna unit 4 housed within the 
case 40 . 

[0016] The antenna unit 4 includes a plurality of directional 

antennas (flat antennas) 6 provided so as to have directivities 
in different directions. Tips of the flat antennas 6 are provided 
on the respective surfaces of the polyhedron forming the case 40 
so as to be oriented in different directions. For example, one 
antenna is provided on the top surface 41, six antennas on the 
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air-to-ground upper slope 42 at equal intervals, eight antennas 
on the air-to-ground flat surface 43 at equal intervals, and six 
antennas on the air-to-ground lower slope 44; in total, twenty-one 
antennas are provided so as to have directivities in different 
directions . 

[0017] in the antenna unit 4, any one of the twenty-one flat 

antennas 6 transmits and receives a radio wave inmobile communication 
to and from a communication unit 2 provided on a movable mobile 
body 1. The radio wave in the mobile communication is a radio wave 
in a microwave band with a small electric power. 

[0018] The antenna unit 4 includes a reception selecting unit 

for selecting one directional antenna 6 of the twenty-one flat 
antennas 6, which is provided so as to be oriented in a transmission 
direction in which a radio wave transmitted from the communication 
unit 2 travels to reach the fixed body 3, to receive the radio wave. 
The reception selecting unit includes , as shown in Fig . 2 , a plurality 
of access points 5a to 5u, and a network hub 7 connected to the 
access points 5a to 5u. The network hub 7 selects one (for example, 
6b) of the twenty-one flat antennas 6a to 6u, which has received 
the most intense radio wave, and its access point (for example, 
5b) . Then, the network hub controls so that only the flat antenna 
6b and its access point 5b are connected to each other, while the 
other flat antennas 6a to 6u and their access points 5a to 5u are 
disconnected from each other. 
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[0019] Next , the operation and effect of the directional antenna 

device according to this embodiment will be described. 

The directional antenna device according to this embodiment 
includes the plurality of directional antennas 6a to 6u provided 
so as to have directivities in different directions and selects 
one (for example, 6b) of the directional antennas provided so as 
to be oriented in a transmission direction, in which a radio wave 
travels to reach the fixed body, so as to receive the radio wave. 
Therefore, stable transmission and reception are made possible 
regardless of the relative positional relation between the mobile 
body 1 and the fixed body 3. 

[002 0] In addition to the above-described operation and effect , 

the reception selecting unit of the directional antenna device 
according to this embodiment performs switching between the 
directional antennas 6a to 6u to select the antenna that has received 
the most intense radio wave within a directional characteristic 
area. Therefore, one antenna that always receives the most intense 
radio wave even at the boundary of radio wave intensities is selected . 
[0021] [Embodiment 1] 

Next, in the directional antenna device according to the 
present invention, an embodiment 1 where one flat antenna 61 is 
selected from three directional antennas (flat antennas) 61 will 
be described based on Figs. 3 and 4. 

[0022] In the directional antenna device according to the 
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embodiment 1, an antenna unit 4A includes radially arranged three 
flat antennas 61 as shown in a plan view of Fig. 4 . When it is assumed 
that the intersection of axes of the three flat antennas 61 is a 
base point P, the flat antennas 61 are arranged at predetermined 
angular intervals (for example, of 45°) in different directions on 
an air-to-ground horizontal surface when viewed from the base point 
P. 

[0023] In the directional antenna device according to the 

embodiment embodied 1, the antenna unit 4A includes, as shown in 
Fig. 3, a polyhedral polyhedron case 40A formed by a fan-shape top 
surface 41A, is an air-to-ground flat surface 43A, and a bottom 
surface 45A, and the antenna unit 4A housed within the case 40A. 

[0024] In the antenna unit 4A, tips of the three flat antennas 

61 are arranged on the air-to-ground flat surface 43Aof the polyhedron 
forming the case 40A. 

[0025] Each of the flat antennas 61 has a designating 

characteristic corresponding to a predetermined area (for example, 
a three-dimensional 45° width) E. The designating characteristic 
corresponds to an area in which the antenna can receive a radio 
wave transmitted from the communication unit 2 (see Fig. 1) . The 
reception selecting unit selects one flat antenna 61, which has 
a designating characteristic that has received the most intense 
radio wave, of the designating characteristics of the three flat 
antennas 61 . 
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[0026] The antenna unit 4A detects a radio wave within the 

designating area E. The reception selecting unit (the network hub 
7) selects one of the three flat antennas 61, which has received 
the most intense radio wave, so as to control to connect only the 
selected flat antenna 61 and to disconnect the other flat antennas 
61 . 

[0027] in Fig. 4, the reference numeral 62 denotes a 

transmission and reception amplifier for amplifying a radio wave 
and an access point. 

[0028] According to this embodiment 1, since the directional 

antennas are arranged at predetermined angular intervals to be 
oriented in different three directions, communication is made 
possible without causing radio interference even though the 
directional antennas share the same space. Moreover, the best 
antennas can be selected for transmission and reception between 
the antennas . 

[0029] [Embodiment 2] 

Next, in the directional antenna device according to the 
present invention, an embodiment 2 where one flat antenna 61 is 
selected from five directional antennas (flat antennas) 61 will 
be described based on Figs. 5 and 6. 

[0030] In the directional antenna device according to the 

embodiment 2, an antenna unit 4B includes radially arranged five 
flat antennas 61 as shown in a plan view of Fig. 6 . When it is assumed 



that the intersection of axes of the five flat antennas 61 is a 
base point P, the flat antennas 61 are arranged at predetermined 
angular intervals (for example, of 45°) in different directions on 
an air-to-ground horizontal surface when viewed from the base point 
P . 

[0031] In th e directional antenna device according to the 

embodiment 2, the antenna unit 4B includes, as shown in Fig. 5, 
a polyhedral case 40B formed by a semi-circular top surface 41B, 
an air-to-ground flat surface 43B, and a bottom surface 45B, and 
the antenna unit 4B is housed within the case 40B. 

[0032] In the antenna unit 4B, tips of the five flat antennas 

6 1 are arranged on the air-to-ground flat surface 43B of the polyhedron 
forming the case 40B. 

Each of the flat antennas 61 has a designating characteristic 
corresponding to a predetermined area (for example, a 
three-dimensional 45° width) E. The designating characteristic 
corresponds to an area in which the antenna can receive a radio 
wave transmitted from the communication unit 2 (see Fig. 1) . The 
reception selecting unit selects one flat antenna 61, which has 
a designating characteristic that has received the most intense 
radio wave, of the designating characteristics of the five flat 
antennas 61. 

[0033] The antenna unit 4B detects a radio wave within the 

designating area E . The reception selecting unit (for example, the 



network hub) selects one of the five flat antennas 61, which has 
received the most intense radio wave, so as to control to connect 
only the selected flat antenna 61 and to disconnect the other flat 
antennas 61 . 

In Figs . 5 and 6 , the reference numeral 62 denotes a transmission 
and reception amplifier for amplifying a radio wave and an access 
point . 

[0034] According to this embodiment 2, since the directional 

antennas are provided at predetermined angular intervals to be 
oriented in different five directions, communication is made 
possible without causing radio interference even though the 
directional antennas share the same space. Moreover, the best 
antennas can be selected for transmission and reception between 
the antennas . 

[0035] [Embodiment 3] 

Next, in the directional antenna device according to the 
present invention, an embodiment 3 where one flat antenna 61 is 
selected from eight directional antennas (flat antennas) 61 will 
be described based on Figs. 7 and 8. 

[0036] In the directional antenna device according to the 

embodiment 3, an antenna unit 4C includes radially arranged eight 
flat antennas 61 as shown in a plan view of Fig. 8 . When it is assumed 
that the intersection of axes of the eight flat antennas 61 is a 
base point P, the flat antennas 61 are arranged at predetermined 



angular intervals (for example, of 45°) in different directions on 
an air-to-ground horizontal surface when viewed from the base point 
P . 

[0037] in the directional antenna device according to the 

embodiment 3, the antenna unit 4C includes, as shown in Fig. 7, 
a polyhedral case 40C formed by a circular top surface 41C, an 
air-to-ground flat surface 43C, and a bottom surface 45C, and the 
antenna unit 4C is housed within the case 40C. 

[0038] In the antenna unit 4C, tips of the eight flat antennas 

61 are arranged on the air-to-ground flat surface 43C of the polyhedron 
forming the case 40C. 

[0039] Each of the flat antennas 61 has a designating 

characteristic corresponding to a predetermined area (for example, 
a three-dimensional 45° width) E. The designating characteristic 
corresponds to an area in which the antenna can receive a radio 
wave transmitted from the communication unit 2 (see Fig. 1) . The 
reception selecting unit selects one flat antenna 61, which has 
a designating characteristic that has received the most intense 
radio wave, of the designating characteristics of the eight flat 
antennas 61. 

[0040] The antenna unit 4C detects a radio wave within the 

designating area E. The reception selecting unit (for example, the 
network hub) selects one of the eight flat antennas 61, which has 
received the most intense radio wave, so as to control to connect 



only the selected flat antenna 61 and to disconnect the other flat 
antennas 61 . 

[0041] In Figs. 7 and 8, the reference numeral 62 denotes a 

transmission and reception amplifier for amplifying a radio wave 
and an access point. 

[0042] According to this embodiment 3, since the directional 

antennas are arranged at predetermined angular intervals to be 
oriented in different eight directions, communication is made 
possible without causing radio interference even though the 
directional antennas share the same space. Moreover, the best 
antennas can be selected for transmission and reception between 
the antennas . 
[0043] [Embodiment 4] 

Next, in the directional antenna device according to the 
present invention, an embodiment 4 where one flat antenna 61 is 
selected from nine directional antennas (flat antennas) 61 will 
be described based on Fig. 9. 

[0044] In the directional antenna device according to the 

embodiment 4, an antenna unit 4D includes radially arranged nine 
flat antennas 61 as shown in a side view of Fig. 8 . When it is assumed 
that the intersection of axes of the nine flat antennas 61 is a 
base point P, the nine flat antennas 61 in total are provided so 
as to have directivities in different directions, i.e. , one antenna 
on the air-to-ground vertical side, three antennas on the 



air-to-ground upper slope side at equal intervals, three antennas 
on the air-to-ground flat surface side at equal intervals, and two 
antennas on the air-to-ground lower slope side at equal intervals 
when viewed from the base point P. 

[0045] Each of the flat antennas 61 has a designating 

characteristic corresponding to a predetermined area (for example, 
a three-dimensional 45° width) E . The designating characteristic 
corresponds to an area in which the antenna can receive a radio 
wave transmitted from the communication unit 2 (see Fig. 1) . The 
reception selecting unit selects one flat antenna 61, which has 
a designating characteristic that has received the most intense 
radio wave, of the designating characteristics of the nine flat 
antennas 61 . 

[0046] The antenna unit 4D detects a radio wave within the 

designating area E. The reception selecting unit (for example, the 
network hub) selects one of the nine flat antennas 61, which has 
received the most intense radio wave, so as to control to connect 
only the selected flat antenna 61 and to disconnect the other flat 
antennas 61 . 

[0047] In Fig. 9, the reference numeral 62 denotes a 

transmission and reception amplifier for amplifying a radio wave 
and an access point. 

[0048] According to this embodiment 4, since the directional 

antennas are arranged at predetermined angular intervals to be 



oriented in different nine three-dimensional directions, 
communication is made possible without causing radio interference 
even though the directional antennas share the same space . Moreover , 
the best antennas can be selected for transmission and reception 
between the antennas. 
[0049] [Embodiment 5] 

Next, in the directional antenna device according to the 
present invention, an embodiment 5 where one flat antenna 61 is 
selected from twenty-one directional antennas (flat antennas) 61 
will be described based on Fig. 10. 

[0050] In the directional antenna device according to the 

embodiment 5, an antenna unit 4E includes radially arranged 
twenty-one flat antennas 61 as shown in a perspective view of Fig. 
10 . When it is assumed that the intersection of axes of the twenty-one 
flat antennas 61 is a base point, the twenty-one flat antennas 61 
in total are provided so as to have directivities in different 
directions, i.e., one antenna on the air-to-ground vertical side, 
six antennas on the air-to-ground upper slope side at equal intervals , 
eight antennas on the air-to-ground flat surface side at equal 
intervals, and six antennas on the air-to-ground lower slope side 
at equal intervals, when viewed from the base point P. 

[0051] In the directional antenna device according to this 

embodiment 5, the antenna unit 4E includes a polyhedral case 40E 
having an substantially a spherical shape, formed by a top surface 



41E, an air-to-ground upper slope 42E, an air-to-ground flat surface 
43E, an air-to-ground lower slope 44E, and a bottom surface 45E 
and the antenna unit 4E is housed within the case 40E. 
[0052] Each of the flat antennas 61 has a designating 

characteristic corresponding to a predetermined area (for example, 
with a three-dimensional 45° width) . The designating characteristic 
corresponds to an area in which the antenna can receive a radio 
wave transmitted from the communication unit 2 (see Fig. 1) . The 
reception selecting unit selects one flat antenna 61, which has 
a designating characteristic that has received the most intense 
radio wave, of the designating characteristics of the twenty-one 
flat antennas . 

[0053] The antenna unit 4E detects a radio wave within the 

designating area. The reception selecting unit (for example, the 
network hub) selects one of the twenty-one flat antennas 61, which 
has received the most intense radio wave, so as to control to connect 
only the selected flat antenna 61 and to disconnect the other flat 
antennas 61 . 

[0054] According to this embodiment 5, since the directional 

antennas are arranged at predetermined angular intervals in 
different twenty-one three-dimensional directions, communication 
is made possible without radio interference even though the 
directional antennas share the same space. Moreover, the best 
antennas can be selected for transmission and reception between 



the antennas. 

[0055] The present invention is not limited to the 

above-described embodiments. It is apparent that various 
modifications are possible without departing from the gist of the 
present invention . 

INDUSTRIAL APPLICABILITY 

[0056] The present invention can be used for an antenna device 

having directivity, which is used in mobile communication for a 
vehicle, an airplane, a helicopter, and the like. 
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